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LIGHT-ADJUSTING SHEET FOR SURFACE-LIGHT SOURCE 
DEVICE FOR LIQUID CRYSTAL DISPLAY DEVICES 

CLAIM(S) 

A light-adjusting sheet for a surface-light source device comprises a light- 
adjusting sheet for a surface-light source device, a photo-conductive plate, a light 
source, and a light reflection plate, characterized in that its one surface has multiple 
curved convex strips in its sectional view and multiple curved concavity strips in its 
sectional view that are alternately positioned nearly in parallel, while its other 
surface has an optically non-smooth surface, and in that an angle formed by two 
inclined surfaces of said curved convex strips is 30 - 150°, and the curvature radius 
of said curved convex is 10 - 100 /^m. 

2) A light-adjusting sheet for a surface-light source device, wherein said 
optically non-smooth surface has micro convexities and concavities formed by a mat 
processing method, a sandblast method, or press method. 

3) A light-adjusting sheet for a surface-light source device, as cited in Cliaim 1, 
wherein said non-smooth surface has a soft waveform. 

(4) A liquid crystal display device equipped with a light-adjusting sheet for a 
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surface-light source device claimed in one of the claims of Claim 1 - Claim 3. 

DETAILED DESCRIPTION OF THE INVENTION 

(0001) 

(Field of Industrial Application) 

The present invention pertains to a liquid crystal display device for personal 
computers, wordprocessors, and color televisions and to a light adjusting sheet for a 
surface-light source device as a constituent element of the liquid crystal display. 
(0002) 
(Prior Art) 

Wordprocessors and personal computers are moving toward miniaturization 
and lightweight every year, and its size as small as a notebook size is a main stream 
in these industries. The liquid crystal display device for a notebook type or lap-top 
type generally does not contain a self-light radiation function therefore has a 
surface-light source device behind the display screen to enhance the screen visibility. 
Particularly, an edge light type having the light source on its one or both side 
surfaces is widely used for its advantages of lightweight, thinness, and of low power 
consumption. 
(0003) 

The edge light type surface-light source has a basic structure shown in Fig. 6. 
In this device, cathode tube 1 as the light source is installed on both side surfaces of 
transparent photo-conductive plate 6. On the back surface of the photo-conductive 



plate 6, dot pattern 5 is formed. On the back side of the photo-conductive plate 6, 
reflection plate 3 is installed. On the front side of the photo-conductive plate 6, is 
installed the light diffusion sheet 4 made of light diffusion agent-containing synthetic 
resin sheet or of resin sheet with a roughened surface (Japanese Unexamined Patent 
Applications 3-78701 and 63-75053). 
(0004) 

The dot pattern 5 in the edge light system uniformly emits the incident light 
from the fluorescent lamp 1 on the side surfaces, so it is a printed pattern for light 
diffusion that is formed at the back side of the photo-conductive plate 6, which can 
be called as a pseudo-light source. 
(0005) 

The light diffusion sheet functions as a surface for emitting the light evenly 
when the liquid crystal display screen is used; in other words, the light source, e.g., 
dot pattern 5 as the pseudo-light source in edge light system is not visible through 
the liquid crystal display device 2. 
(0006) 

When the light on the display screen (brightness level) is insufficient in this 
system, light adjusting sheet 8 made of prism sheet made of prisms is installed on the 
front side of the photo-conductive plate 6 to control the emission direction, as shown 
in Fig. 7. Then, the light diffused by the light diffusion plate is condensed in the 
direction toward the user of wordprocessor or the like, i.e., in the normal direction 
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of the display screen to produce a high brightness level on the screen (Japanese 
Unexamined Patent Applications 62-144102 and 2-257188, Japanese Unexamined 
Utility Model Patent Application 2-78924). 
(0007) 

(Problems of the Prior Art to Be Addressed) 

With the surface-light source device that does not use a light-adjusting sheet 
shown in Fig. 6, a large amount of light is emitted in the directions other than the 
direction toward the user (normal direction), so there is a large loss in the brightness 
level, which means that there is a small amount of light directed toward the user 
and the brightness level is insufficient, as shown by dotted line D in Fig. 5. 
(0008) 

With the surface-light source device having the prism sheet shown in Fig. 7, 
the incident direction and the emission direction of the light are extremely 
restricted, so the light emission direction is deflected into the front direction with a 
narrow angle range, which makes the field angle very limited (See the brightness 
level distribution in the viewing direction shown by the bold line C in Fig. 5.). 
(0009) 

Moreover, if the back surface of the light adjusting sheet made of prism sheet 
is positioned to directly contact with the photo-conductive plate, they both will have 
a partial optical adhesion, generating an abnormal brightness level and an 
interference pattern, and revealing the dot pattern due to low light diffusion level. 



Or they may even generate a moire effect due interference of lattice lines on tlie 
liquid crystal display screen with the edge lines and bottom lines of the prisms of the 
sheet. 
(0010) 

The present invention, to solve the aforementioned problems, aims to present 
a light adjusting sheet for a surface-light source device that improves the brightness 
level in the front surface direction than that without said light-adjusting sheet, 
expands the visible field angle than the prior art light adjusting sheet, and does not 
cause the optical adhesion with the photo-conductive plate. 
(0011) 

(Means to Solve the Problems) 

The lightradjusting sheet for the surface-light source of the present invention 
was produced to accomplish the aforementioned objective, and comprises a light- 
adjusting sheet for a surface-light source device, a photo-conductive plate, a light 
source^ and a reflection plate. On its one surface, multiple curved convexities in 
sectional view and multiple curved concavities in sectional view are alternately 
formed nearly in parallel, while the other surface is an optically non-smooth surface. 
The angle formed by two inclined surfaces of said curved convex is 30 - 150°, and 
the curvature radius of said curved convex is 10 - 100 fj.m. 
(0012) 

At least one of the inclined surfaces of said convex strip or concave strip is 
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preferably slightly curved to the extent not to reduce the light condensing function. 

Throughout the specification, the words "nearly parallel^ means that the apex 
section of each of multiple convex strips and the bottom section of each of multiple 
concave strips are nearly parallel. 
(0013) 

The method to measure the emission light brightness level of the surface-light 
source device is explained below. 
(0014) 

In Fig. 2, the normal direction of the emission surface of the surface-light 
source device 7 is preset at 0°. The brightness level at point P on the light source 
device 7 is measured by a photometer 10 from several positions in the range of -90° 
- +90°, which has a linear axis passing through P and is parallel to the light source 1. 
The highest brightness value out of the brightness values thus obtained is defined as 
100%, and the values measured from other positions are indicated by %. Then, the 
relationship between the measured position and the brightness level is plotted in the 
figure. 
(0015) 

The bold line A and dotted line B in Fig. 4 show the brightness level 
distribution in the edge light type light source having the basic structure of Fig. 6. 
The bold line A in Fig. 4 shows the brightness level distribution with a wider visible 
angle and dotted line B shows the brightness level with a large light amount emitting 



toward the user (normal direction to the display screen). 
(0016) 

Multiple convex strips on the light-adjusting sheet for the surface-light source 
function to condense the emission light from said sheet into the normal direction to 
the display screen. The angle formed by two inclined surfaces of each convex strip is 
in the range of 30 - 150°C, preferably, in the range of 60 - 120°. With said angle 
less than 30°, the convex strip is too difficult to form, and with said angle more than 
150°, its light-condensing function is possibly reduced. 
(0017) 

As for the material of the light-adjusting sheet for the surface-light source 
device, it is not limited to a specific type as long as it is a transparent organic or 
inorganic material. As for the transparent organic material, resins, such as 
polycarbonate, polyester, polymethyl methacrylate, and polyvinyl chloride, can be 
used. A representative example of the transparent inorganic material is glass. The 
light-adjusting sheet for the surface-light source is preferably shares the same type 
of resin with the base material of the light diffusion sheet, which is to be mentioned 
later. 
(0018) 

As for the formation of multiple convex strips, they are formed on the light 
emission surface of the sheet but can be formed on the incident surface. The apex of 
each convex strip is curved in its sectional view to the extent not to reduce the light- 



condensing function, and the bottom section of the concave strip is curved in its 
sectional view to the extent not to reduce the light-condensing function. The 
curvatue radius of the curved convex is determined by the depth of the groove 
formed by the convex strips, apex, and pitch, and it is preferably in the range of 10- 
100 fxm. The curvature radius of the curved concave is determined by the depth of 
the groove formed by the concave strips, apex, and pitch, and it is preferably in the 
range of 10 - 100 /zm. 
(0019) 

As for the means of making the sheet, the convex strips, and the concave 
strips, the following can be cited: casting method, solvent casting method, and 
extrusion method for forming different shapes, roll-embossing method combined 
with extrusion molding, hot press method for a planar sheet, monomar casting 
method, and injection molding method. But the method is not limited to these 
methods^ 
(0020) 

On the other hand, the other surface, i.e., the surface with no convex strips 
and concave strips is made into a non-smooth surface. As for the non-smooth 
surface, the surface on which micro convexities and concavities are made at random 
is preferred. The size and the depth of the convexities and concavities need not be 
specified as long as they have values at which the optical adhesin visible to a naked 
eye does not occur when said non-smooth surface is brought into contact with a 
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smooth surface; said surface can be a non-smooth surface or a surface with a gentle 
waveform. 
(0021) 

As for the method of forming said non-smooth surface, the following can be 
used: a method for transferring a pattern on a roll or mold at a time of forming the 
surface; a method whereby a calendering, sandblast, chemical etching, mat process, 
or a press method can be applied to the formed sheet. 
(0022) 

The thickness of the light-adjusting sheet for the surface-light source is 50 jum 
or more, more preferably 90- 300 fxm. With the thickness less than 50 //m, shaping 
of the concavity strips is too difficult. 
(0023) 

The light-adjusting sheet for the surface-light source device thus structured is 
used as a constituent element of the surface-light source device. More specifically, as 
shown in Fig. 2, the surface-light source device 7 comprises: the light-adjusting 
sheet 8 for the surface-light source device; the photo-conductive plate 6 having the 
printed dot pattern 5 on its back surface and installed on the back side of the light- 
adjusting sheet for the surface-light source; light source 1 installed on both side 
surfaces of the photo-conductive plate 6; the reflection plate 3 installed on the back 
side of the photo-conductive plate 6. In front of the surface-light source device 7, a 
liquid crystal display device is installed. 



(0024) 

Each element constituting tlie surface-liglit source device 7 is explained below. 

(0025) 

The light-adjusting sheet 8 for the surface-light source device has the 
aforementioned structure. Said light-adjusting sheet 8 may be laminated in multiple 
layers, or the prior art type light diffusion sheet 4 w^hich is to be mentioned later 
may be used. 
(0026) 

As for the light source 1, a cathode tube is generally used. The cathode tube 
to be used can be a cold-cathode tube or hot-cathode tube. The size and other 
attributes of the cathode tube need not be specified. The cathode tube is installed on 
the right and left side surfaces or one side surface of the photo-conductive plate 6. 
Or it can be installed on three side surfaces or on the four side surfaces of the photo- 
conductive plate 6. 
(0027) 

The photo-conductive plate 6 is made of material excellent in transparency, 
e.g., glass, polycarbonate, polyester, or polymethyl methacrylate. On its back 
surface, i.e., the surface on the side of the reflection plate, the printed dot pattern 5 
is made to induce an irregular reflection for evenly emitting the light from the light 
source 1, from any position of the light emission surface. 
(0028) 
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As for the reflection plate 3, it is not limited to a specific type as long as it is a 
plate that can block the light, e.g., a resin sheet mixed with a white pigment, a 
foamed resin sheet, a metal-deposited resin sheet, and a metal sheet. The reflection 
sheet 3 is positioned on the side non-light emission side of the photo-conductive plate 
6 and is in contact with the printed dot pattern 5. 
(0029) 

The light-diffusion sheet 4 diffuses the light not to let the user notice the 
printed dot pattern 5 of the photo-conductive plate 6, and there is a publicly known 
conventional light diffusion agent-mixed type or an irregularly roughened type. 
The sheet thickness needs not be specifled, but it is generally 10 //m or more, 
preferably, 20 - 300 //m. With the thickness less than 10 /zm, the diffusion will not 
be sufflcient As for the resin constituting the light diffusion sheet 4, it is not limited 
to a speciflc type as long as it is transparent. As for the transparent resin, there can 
be cited: polycarbonate, polyester, and polymethyl methacrylate. As for the light 
diffusing agent, a publicly known conventional one can be used, for example, they 
are: titanium oxide, glass fiber, glass beads or silica alumina. The mixing amount of 
the light diffusing agent is preferably 5-100 part/weight, more preferably, 10- 50 
parts/weight for 100 parts/weight of transparent resin. As for the molding method 
of the sheet for manufacturing the light diffusion sheet 4, can be used the following 
methods: hot press method; method to extrude said material with a T die; flow- 
casting method; and other methods. The molding method of the sheet is not limited 
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to a specific method as long as a tiaze value is 50 - 90% or more, more preferably 70- 

85/. 

(0030) 

(Embodiment) 

The present invention is explained more specifically with reference to the 
embodiment examples below. 
(0031) 

(Embodiment Example 1) 

As shown in Fig. 1. on the emission surface of a square sheet made of 
polycarbonate with melt index 4.0 (290 °C, 1.9 Kg), multiple convex strips 9 and 
multiple concavity strips 12 are alternately formed in parallel. The apex section 9a 
of each convex strip is curved when its section is viewed and the bottom section 12a 
of each concavity strip is curved when its section is viewed. The angle formed by the 
two inclined surfaces of the convex strip 9 is nearly a right angle. The total 
thickness of the sheet is 200 /zm, and the height from the apex section 9a of the 
convex strip 9 to the bottom section 12a of the concavity strip 12 is 120 //m. The 
pitch of convex strips 9 and that of concavity strips 12 are 350 //m, respectively. The 
curvature radius of the apex section of concavity strip 9 and that of the bottom 
section of convex strip 12 are 67 //m, respectively. The convex strip 9 and the 
concavity strip 12 are formed by a hot press method. On the back surface 11 of the 

sheet, micro convexities and concavities are formed by a mat roll method. The light- 
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adjusting sheet for the surface-light source that has multiple convex strips 9 on the 
front surface and micro convexities and concavities on the back surface is thus 
structured. 
(0032) 

Performance test 

The brightness level and its ratio of said surface-light source equipped with a 
light-adjusting sheet were measured, and its appearance was examined as well. 
(0033) 

To measure the brightness of the display screen, a surface-light source device 
was made by using the following parameters for the cathode tube 1, photo- 
conductive plate 8, reflection plate 3, and for light diffusing sheet 4. 
(0034) 

Cold^cathode tube: diameter 3.0 mm; length of cold-cathode tube 130 mm. 
Photo-conductive plate: vertical length 130 mm; lateral length 260 mm; thickness 
3.0 mm; acrylic resin material; an irregular reflection dots are printed on the 
bottom surface. 

Reflection plate: thickness 100 f^m; polycarbonate mixed with white pigment 
(titanium oxide) 20 weight%. 

Light diffusion sheet: polycarbonate mixed with calcium corbonate 10 weight%. 
(0035) 

As shown in Fig. 2, in the basic structure of an edge light type surface-light 
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source device, the cathode tube 1 as the light source is installed on both side surfaces 
of the photo-conductive plate 6 having the printed dot pattern 5 on its back surface. 
On the back surface of the photo-conductive plate 6, the reflection plate 3 is 
installed, and on the front surface of the photo-conductive plate 6, the light adjusting 
sheet 8 for the surface-light source is installed. The light-adj usting sheet 8 for the 
surface-light source device has the light-emission surface with convex strips 9, and 
the convex strips 9 are positioned in parallel to the cathode tubes 1. 
(0036) 

For said surface-light source device 7, its brightness level was measured in the 
normal line (O"") and in the direction 30 from the normal line. The measurement of 
the brightness level was already explained above. 
(0037) 

Appearance: It was checked whether or not said surface-light source device 7 had a 
cosmetic appearance in its display screen. 
(Embodiment Examples 2-4) 

By using the values shown in Table 1 for forming the sheet material, sizes of 
the convex and concave strips, and for the back surface, the light-adjusting sheets, a, 
b, c, for the surface-light source device were made, like in the case of sheet a. The 
same performance tests as that for embodiment example 1 were conducted for the 
surface-light source device equipped with said light-adjusting sheets. The light- 
adjusting sheet for the surface-light source device is shown in Fig. 3, and its non- 
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smooth surface 11 is formed into a soft waveform surface by a press method. 
(0038) 

Comparative Example 1 

A performance test for the surface-light source device without the light- 
adjusting sheet was conducted as in embodiment example 1. 
(0039) 

Comparative Examples 2-3 

By using the values shown in Table 1 for forming the sheet material, sizes of 
the convex and concave strips, and for the back surface, the light-adjusting sheets, e, 
f, for the surface-light source device were made, like in the case of sheet a. The 
performance test were conducted for surface-light source device equipped with the 
light adjusting sheets, as in embodiment example 1. 
(0040) 

The sheet material, the size of the convex strip, and the formation method of 
the back surface of each light-adjusting sheet for the surface-light source device and 
the performance test result of each sheet are indicated in Table 1 [T. Note: Table 1 is 
not found anywhere in the original text.]. 
(0041) 

Table 1: As is evident from the table, the light-adjusting sheets for the surface-light 
source device in the embodiment examples of the present invention demonstrate a 
more excellent brightness level in the normal direction and in the direction 30° from 
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the normal direction and have a better appearance than the prior art one. 
(0042) 

(Advantage) 

The light-adjusting sheet for the surface-light source device of the present 
invention is used for a surface-light source device equipped with a light-adjusting 
sheet, a photo-conductive plate, a light source, and with a reflection plate. On one 
surface of the sheet, multiple convex strips with a curved apex in sectional view and 
multiple concave strips with a curved bottom in sectional view are alternately 
formed nearly in parallel. The angle formed by the two inclined surfaces of said 
convex strip is 30-150°, and the curvature radius of curved convex in its sectional 
view is 10 -100 yu. The surface-light source device using said light-adjusting sheet 
can improve the brightness level in the normal direction relative to the case when 
said sheet is not used. Also, the dot pattern on the back surface of the 
photocondnctive plate is not visible at all, so said device demonstrates an 
appropriate light diffusion level, while preserving the same visible field angle as that 
of the liquid crystal display surface. Said device can prevent the interference of the 
lattice lines in the liquid crystal display screen with the edge lines and bottom lines 
of the prisms of the prism sheet (moire effect). 
(0043) 

Moreover, the other surface of the light adjusting sheet for the surface-light 
source device is formed into a non-smooth surface, so the optical adhesion of the 

* 
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light-adjusting sheet and of the photo-conductive plate is prevented, which further 
contributes to the desired light diffusion. 

BRIEF DESGRIPTION OF THE DRAWINGS 
Fig. I shows a sectional view of the light-adjusting sheet for the surface-light 
source device. 

Fig. 2 illustrates the method for measuring the brightness level of the edge 
light type surface-light source device using the light-adjusting sheet of Fig. 1. 

Fig, 3 shows a sectional view of the light-adjusting sheet for the surface-light 
source device. 

Fig. 4 shows the brightness distribution of the edge light type light source 
device. 

Fig. 5 shows the brightness distribution of the edge light type light source 
device. 

Fig. 6 shows a sectional view of the prior art edge light type surface-light 
source device. 

Fig. 7 shows a sectional view of the prior art edge light type surface-light 
source device. 

1. Light source 

2. Liquid crystal device 

3. Reflection plate 

4. Light diffusion sheet 

17 



*^ 

t 

* 

5. Dot pattern 

6. Photo-conductive plate 

7. Surface-light source device 

8. Light-adjusting sheet for the surface-light source device 

9. Convex strip 
9a. Apex section 

¥ 

10. Photometer 

11. Back surface 

12. Concavity strip 

12a. Bottom section of concavity 
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